We present an analysis of stellar populations in passive galaxies in seven massive X-ray clusters at z = 0.19 − 0.89. Based on absorption line strengths measured from our high signal-to-noise spectra, the data support primarily passive evolution of the galaxies. We use the scaling relations between velocity dispersions and the absorption line strengths to determine representative mean line strengths for the clusters. From the age determinations based on the line strengths (and stellar population models), we find a formation redshift of z form = 1.96 The age-velocity dispersion relation is flat, with zero point changes reflecting passive evolution. The scatter in all three parameters are within 0.08-0.15 dex at fixed velocity dispersions, indicating a large degree of synchronization in the evolution of the galaxies. We find indication of cluster-to-cluster differences in metallicities and abundance ratios. However, variations in stellar populations with the cluster environment can only account for a very small fraction of the intrinsic scatter in the scaling relations. Thus, within these very massive clusters the main driver of the properties of the stellar populations in passive galaxies appears to be the galaxy velocity dispersion.
1. INTRODUCTION A fundamental question in many investigations of intermediate and high-redshift galaxies is how these galaxies may evolve into their observed counter parts at lower redshifts (e.g., Treu et al. 2005; Renzini 2006 and references therein; Faber et al. 2007; Saglia et al. 2010; Barro et al. 2014; Choi et al. 2014; Jørgensen et al. 2014; Kriek et al. 2016) . Studies of galaxies in low redshift clusters are also often framed around the same question of how these galaxies came to have their current properties. As examples, Roediger et al. (2011) studied stellar populations in the Virgo cluster based on deep photometry, while McDermid et al. (2015) studied stellar populations of field and Virgo galaxies based in the ATLAS-3D spectroscopic sample. Both studies aim to understand the evolutionary processes that lead to the properties of these local galaxies.
One of the main issues is to what extent all galaxies share a common evolutionary path and if so can we identify the main driver(s) of the evolution and establish whether these are related to internal properties of the galaxies or properties of the cluster environment (e.g., Mateus et al. 2007; Muzzin et al. 2012) . It is clear that the galaxy populations of the field and the dense cluster cores are different as first established by Dressler (1980) in the now classical paper on the morphology-density relation. It is also recognized that there is morphological evolution as a function of redshift as spirals and irregulars are transformed into passive bulge-dominated galaxies (Dressler et al. 1997; Smith et al. 2005) . However, if we focus on the already passive galaxies at all redshifts, the question remains to what extent are their properties driven by internal properties of the galaxies (e.g., mass or velocity dispersion, Muzzin et al. 2012; McDermid et al. 2015) or by the environment in which they reside.
To properly compare galaxies at different redshifts and use them as snapshots of a possible common evolutionary path, the high redshift galaxies must be valid progenitors for the low redshift galaxies (see van Dokkum & Franx (2001) for a detailed discussion of progenitor bias). In addition, the environment of the high redshift galaxies must be a valid progenitor environment for the environment of the low redshift galaxies.
Simulations predict that the masses of the clusters grow over time (van den Bosch 2002; Fakhouri et al. 2010; Correa et al. 2015) , a fact that also has to be taken into account when attempting to study galaxies in intermediate redshift clusters that are meant to be valid progenitor environments for the environments found in low redshift massive clusters like the Coma and Perseus clusters. Galaxies in the cores of massive clusters can be expected to remain in the clusters as both the clusters and the galaxies evolve (e.g., Biviano & Poggianti 2009) . Thus, by studying galaxies in cores of massive clusters we partially solve one of the progenitor issues of tying together progenitors at high redshift with resulting galaxies and environments at lower redshift. However, some galaxies found in the cores of low redshift clusters (or in projection) may have entered the cluster later. Thus, not all galaxies in the cores of low redshift clusters may be the product of galaxies that were also in the cores of clusters at z ∼ 1.
Once a galaxy is bulge-dominated it is likely to remain bulge-dominated, as it is very difficult to disrupt a highdensity bulge (Brooks & Christensen 2016 and references therein). Thus, bulge-dominated high-redshift galaxies must be the progenitors of some of the bulge-dominated galaxies at lower redshift. However, the progenitors of some low redshift bulge-dominated galaxies were most likely disk galaxies at higher redshifts and only recently at z < 0.5 became passive bulge-dominated galaxies on the red sequence, see e.g., Saglia et al. (2010, EDisCS) .
Scaling relations between absorption line strengths and velocity dispersions of passive bulge-dominated galaxies offer tools to study the evolution with redshift of these galaxies as well as how the stellar populations are related to their velocity dispersions (or masses). Studies of local samples of passive galaxies show tight correlations with velocity dispersions both for the line indices and the derived ages, metallicities [M/H] and abundance ratios [α/Fe], see, e.g., Jørgensen (1999) and Trager et al. (2000) for the first comprehensive results in this area.
More recent investigations of passive z ≈ 0 galaxies have also been focused on determining possible correlations between ages, [M/H] and [α/Fe] and the velocity dispersion of the galaxies as well as the scatter of these correlations, e.g., Thomas et al. (2005 Thomas et al. ( , 2010 , Harrison et al. (2011) and references therein. In particular, these studies find correlations between ages and velocity dispersions with fairly steep slopes. Kelson et al. (2006) presented one of the earliest attempts to determine such detailed parameters for stellar populations at intermediate redshifts using measurements of line strengths of passive galaxies in a z = 0.33 cluster. These authors found that only the metallicities were strongly correlated with the velocity dispersions, while ages and abundance ratios did not depend on the velocity dispersions. More recently, Choi et al. (2014) investigated this issue using stacked spectra of a large sample of galaxies covering from z = 0.7 to the present. Their results show a rather weak correlation between galaxy masses and metallicities, while [Mg/Fe] (or equivalently [α/Fe]) depends strongly on the galaxy mass. The mean ages are also correlated with galaxy mass. However, the samples are too shallow to detect possible correlations beyond z = 0.4. Thus, we lack consensus on whether these relations are already in place early on in the evolution of the galaxies, and also whether these relations evolve with redshift. In particular, if the steep age-velocity dispersion relation found at z ≈ 0 is evolved "backwards" to higher redshift, under the assumption of passive evo- Note-Column 1: Galaxy cluster. Column 2: Cluster redshift. Column 3: Cluster velocity dispersion. Column 4: X-ray luminosity in the 0.1-2.4 keV band within the radius R500, from Piffaretti et al. (2011) , except as noted. Column 5: Cluster mass derived from X-ray data within the radius R500, from Piffaretti et al., except as noted. Column 6: Radius within which the mean over-density of the cluster is 500 times the critical density at the cluster redshift, from Piffaretti et al., except as noted. Column 7: Number of member galaxies for which spectroscopy is used in this paper. Column 8: References for redshifts and velocity dispersions: Z1990: Zabludoff et al. (1990) . J2005: Jørgensen et al. (2005) . J2013: Jørgensen & Chiboucas (2013) . J2017: This paper.
a Abell 194 does not meet the X-ray luminosity selection criteria of the main cluster sample.
b Re-calibrated X-ray data from Mahdavi et al. 2013 Mahdavi et al. , 2014 ; see Section 3.
c Re-calibrated X-ray data from Ettori et al. 2004; see Section 3. lution, then the prediction is an even steeper relation in the past. It has not yet been tested if such a steep relation exists, and if not how the higher redshift data and the presence of the low redshift age-velocity dispersion relation may be reconciled. The present paper is part of our series of papers based on the data from our project the "Gemini/HST Galaxy Cluster Project" (GCP). The GCP was designed to study the evolution of the bulge-dominated passive galaxies in very massive clusters. The project covers fourteen clusters spanning the redshift interval from z = 0.2 to z = 1.0. Using the X-ray data from Piffaretti et al. (2011) , the luminosity limit for the sample is L 500 = 10 44 erg s −1 in the 0.1-2.4 keV band and within the radius R 500 for a ΛCDM cosmology with H 0 = 70 km s −1 Mpc −1 , Ω M = 0.3, and Ω Λ = 0.7. The radius R 500 is the radius within which the average cluster over-density is 500 times the critical density of the Universe at the redshift of the cluster.
For each cluster, we obtain high S/N spectra for 30-60 candidate cluster members. This usually gives data for at least 20 passive members in each cluster. The spectra typically have a S/N perÅngstrom in the rest frame of 20-40 for the highest redshift galaxies, while we reach S/N=50-200 for z = 0.2 − 0.6 galaxies, sufficient to reliably measure velocity dispersions and absorption line strength for individual galaxies. Our samples reach from the brightest cluster galaxies with typical dynamical masses of Mass ≈ 10 12.6 M ⊙ to galaxies with dynamically masses of Mass ≈ 10 10.3 M ⊙ , equivalent to a velocity dispersion of about 100 km s −1 . The project data also include high spatial resolution imaging of the clusters, primarily obtained with the Advanced Camera for Surveys (ACS) or the Wide Field and Planetary Camera 2 (WFPC2) on board Hubble Space Telescope (HST). See Jørgensen et al. (2005) for a more complete description of the observing strategy for the project.
In our previous papers Jørgensen & Chiboucas 2013) we studied the scaling relations for three clusters MS0451.6-0305, RXJ0152.7-1357, and RXJ1226.9+3332 at z = 0.54 − 0.89 and compared these clusters to our local reference samples. However, at the time we lacked coverage between z = 0.5 and the present. We also did not attempt to investigate how ages, metallicities [M/H] , and abundance ratios [α/Fe] might depend on the velocity dispersions of the a Values for the three detectors in the array.
b The exact wavelength range varies from slitlet to slitlet.
galaxies. In this paper we present the joint analysis of the spectroscopy of the three z = 0.54−0.89 clusters and four clusters at z = 0.19−0.45, for which we present new data. These seven clusters are the most massive in the GCP at each redshift. We will return to the less massive GCP clusters in subsequent papers. We establish the scaling relations for the seven clusters and investigate how these change with redshift in terms of zero points and possibly scatter. We also test for dependence on the cluster environments. Based on composite spectra of the galaxies (stacked in bins by velocity dispersion), we derive ages, [M/H] and [α/Fe] . We investigate the relations between these parameters and the velocity dispersions, and to what extent the data are consistent with passive evolution with a common formation redshift. (The formation redshift should be understood as the approximate epoch of th last major star formation episode.) It is beyond the scope of the current paper to attempt an investigation of the detailed star formation histories of the galaxies. We will return to this issue in a future paper on the GCP data. The observational data, with emphasis on the new data for the z = 0.19 − 0.45 clusters, are described in Section 2 and in the Appendix. In Section 3 we outline the cluster X-ray data used in the analysis. We establish the cluster redshifts and velocity dispersions, and discuss the presence of sub-structure in some of the clusters. In Section 4 we define the final sample of bulgedominated passive galaxies used in the analysis and give an overview of the methods and models used throughout the paper. The composite spectra are also described in this section. Our main results are described in Sections 5 and 6. We discuss the results in Section 7. The conclusions are summarized in Section 8.
Throughout this paper we adopt a ΛCDM cosmology with H 0 = 70 km s −1 Mpc −1 , Ω M = 0.3, and Ω Λ = 0.7.
OBSERVATIONAL DATA
Our analysis is based on new data for four massive X-ray luminous clusters at z = 0.19 − 0.45 as well as our previously published data for three clusters at z = 0.54−0.89 Chiboucas et al. 2009; Jørgensen & Chiboucas 2013) . In those papers we presented ground-based imaging and spectroscopy as well as imaging with HST/ACS of the clusters MS0451.6-0305 (z = 0.54), RXJ0152.7-1357 (z = 0.83), and RXJ1226.9+3332 (z = 0.89). Our new data cover the clusters Abell 1689 (z = 0.19), RXJ0056.2+2622 (z = 0.19), RXJ0027.6+2616 (z = 0.36) and RXJ1347.5-1145 (z = 0.45). Further, we use our data for Coma, Perseus and Abell 194, (Jørgensen et al. 1995ab; Jørgensen 1999; Jørgensen & Chiboucas 2013; Jørgensen et al. in prep.) , as our local z ≈ 0 reference sample. Table 1 lists the cluster properties for all the clusters.
Abell 1689 and Abell 115/RXJ0056.2+2622 are part of the Abell catalog of northern clusters (Abell et al. 1989 ). RXJ0027.6+2616 was first listed as a cluster in the Northern ROSAT all-sky (NORAS) X-ray survey by Böhringer et al. (2000) . RXJ1347.5-1145 was discovered as the most X-ray luminous cluster of the ROSAT clusters (Schindler et al. 1997) . The cluster has been extensively investigated since.
In Sections 2.1 and 2.2 we summarize the new data for the z = 0.19 − 0.45 clusters. The Appendix contains additional details regarding the new data, all derived photometric and spectroscopic parameters, grey scale images of the clusters with X-ray data overlaid, as well as spectral plots of the member galaxies. Table 2 summarizes the instrumentation used in the observations. 2.1. Imaging of the z = 0.19 − 0.45 Clusters Imaging of Abell 1689, RXJ0056.2+2622 and RXJ0027.6+2616 was obtained with the Gemini MultiObject Spectrograph on Gemini North (GMOS-N), while RXJ1347.5-1145 was observed with the twin instrument GMOS-S on Gemini South. For a full descrip- Note-Column 1: Galaxy cluster. Column 2: Gemini program ID and dates of observations. Program IDs starting with GN and GS were obtained with GMOS-N and GMOS-S, respectively. Column 3: Exposure times in seconds. Column 4: Number of useful exposures. Column 5: Image quality for each mask measured as the average full-width-half-maximum (FWHM) in arcsec of the blue stars, or for Abell 1689 and RXJ0056.2+2622 of the acquisition stars, included in the masks. The measurement was done at a wavelength corresponding to 5000Å in the rest frame of the clusters. Column 6: Median instrumental resolution derived as sigma in Gaussian fits to the sky lines of the stacked spectra. The second entry is the equivalent resolution in km s −1 at 4500Å in the rest frame of the cluster. Column 7: Aperture size in arcsec. The first entry is the rectangular extraction aperture (slit width × extraction length). The second entry is the radius in an equivalent circular aperture, rap = 1.025(length × width/π) 1/2 , cf. Jørgensen et al. (1995b) . Column 8: Slit lengths in arcsec. Column 9: Median S/N perÅngstrom for the cluster members, in the rest frame of the clusters.
tion of GMOS-N and its twin, see Hook et al. (2004) . All four clusters were observed using the g ′ , r ′ , and i ′ filters. The seeing for the observations varied between ≈ 0.5 arcsec and 1.1 arcsec. The imaging was obtained primarily to aid the sample selection and mask design for the spectroscopic observations. The observations were processed using the Gemini IRAF package. Processing includes bias subtraction, flat fielding, correction of signal on all three detectors to electrons, correction for fringing in r ′ -and i ′ -band observations, mosaicing of the detectors and stacking of the dithered observations of each field. The stacked images were then processed with SExtractor (Bertin & Arnots 1996) as described in Jørgensen et al. (2005) . The photometric calibration for the GMOS-N data relies on the zero points and color terms established by Jørgensen (2009) , while the GMOS-S data were calibrated using observations of a photometric standard star field obtained the same night as the RXJ1347.5-1145 imaging as well as color terms from the Gemini web pages. The Appendix contains additional details on the imaging observations and the processing of these data, as well as derived magnitudes and colors for the targets in the spectroscopic samples.
The cluster RXJ0056.2+2622 was also imaged with GMOS-N on Gemini North in the r ′ filter in seeing of 0.33 − 0.35 arcsec. The observations were obtained with the purpose of determining effective radii and surface brightness of the galaxies. These data will be covered in our paper Jørgensen et al. (in prep.) on the 2-dimensional photometry of the galaxies in the clusters. In the current paper we use preliminary results to exclude disk-dominated galaxies from the analysis. Imaging from HST exists for the three other clusters. We will also cover these data in Jørgensen et al. (in prep.) , and use the data here only to exclude disk-dominated galaxies from the analysis. The final sample selection is described in Section 4.1.
Spectroscopy of the z = 0.19 − 0.45 Clusters
The spectroscopic observations were obtained in multi-object spectroscopic mode with GMOS-N or GMOS-S, see Table 3 for an overview of the observations. Two fields were observed in Abell 1689, each with two masks. Two fields were observed in RXJ0056.2+2622 with one mask each. RXJ0027.6+2616 and RXJ1347.5-1145 each have one field observed with two masks. The sample selection for the spectroscopic observations was based on the photometry from the ground-based imaging. Figure 1 shows the colormagnitude relations with the selection criteria overlaid. The criteria are summarized in Table 11 , in the Appendix. The selection method is similar to that used for MS0451.6-0305, RXJ0152.7-1357 and RXJ1226.9+3332 (Jørgensen & Chiboucas 2013) , optimizing the inclusion of member galaxies on the red sequence as well as covering 3-4.5 magnitudes along the red sequence. For Abell 1689, RXJ0056.2+2622 and RXJ1347.5-1145 we also used published redshifts to optimize inclusion of known members and exclude non-members. At the time of the sample selection redshifts for Abell 1689 and RXJ0056.2+2622 were taken from NASA/IPAC Extragalactic Database (NED), while for RXJ1347.5-1145 we used redshifts from Cohen et al. (2002) and Ravindranath & Ho (2002) . After inclusion of all possible targets of the highest priority (object classes 1-2 as marked on Fig. 1 ), remaining space in the mask was filled with fainter cluster members and/or targets on the red sequence but without redshifts (object class Green open triangles -confirmed non-members. Purple open triangles (panel d) -galaxies for which the obtained spectra do not allow redshift determination. Small black points -all galaxies in the field. Red lines are the best fit relations for the bulge-dominated member galaxies, excluding galaxies 0.2 mag bluer than the red sequence and those with significant [O II] emission. Dashed orange lines and numbers visualize the selection criteria for the spectroscopic samples, see Table 11 in the Appendix. The object class "3" for RXJ1347.5-1145 covers objects with the same magnitudes and colors as classes "1" and "2", but without prior redshift information at the time of the sample selection.
3) if possible, and otherwise with bluer galaxies some of which can be expected not to be members (object class 4). The spectroscopic samples are marked on grey scale figures of the clusters available in the Appendix as Figures 14-17.
The spectroscopic observations were processed using the methods described in detail in Jørgensen et al. (2005) and Jørgensen & Chiboucas (2013) . The data processing results in 1-dimensional spectra calibrated to a relative flux scale. The spectra were used to derive redshifts, velocity dispersions and absorption line strengths. The spectroscopic parameters were determined using the same methods as described in Jørgensen et al. (2005) . In particular, the redshifts and velocity dispersions were determined by fitting the spectra with a mix of three template stars (spectral types K0III, G1V, and B8V) using software made available by Karl Gebhardt (Gebhardt et al. 2000 (Gebhardt et al. , 2003 . The galaxies that were found to be members of the clusters were fit in the rest frame wavelength range 3750-5500Å. The reader is referred to Jørgensen & Chiboucas (2013) for a discussion of the use of template stars rather than (a larger number of) model spectra for the fitting of the spectra. For consistency with our previous work, we fit the spectra of the z = 0.19 − 0.45 galaxies using the same template stars as in Jørgensen & Chiboucas. The results from the template fitting are available in the Appendix (Table 13 ). The observations covered 34-72 member galaxies in the four clusters, cf. Table 1 .
We determined strengths of absorption lines using the Lick/IDS definitions . In addition we determined the indices for Hδ A and Hγ A as defined by Worthey & Ottaviani (1997) , the Hβ G index as defined in González (1993) (see also, Jørgensen 1997 for the index definition), CN3883 and CaHK as defined in Davidge & Clark (1994) , D4000 as defined by Gorgas et al. (1999) , and the high order Balmer line index Hζ A as defined by Nantais et al. (2013) As one of our goals is to investigate the possible effects of cluster environments on the stellar populations of the galaxies, we here establish consistent X-ray properties of the clusters, specifically the luminosities, radii and masses defined based on the radii R 500 . R 500 is the radius within which the average mass density of the cluster is 500 times the critical density of the Universe at the cluster's redshift. We then address (1) whether the higher redshift clusters are viable progenitors for the lower redshift clusters in terms of their masses, (2) whether the X-ray parameters and the cluster velocity dispersion follow expected relations, and (3) whether the clusters show signs of sub-clustering or merging.
Adopted X-ray Data
We take the cluster catalog from Piffaretti et al. (2011) as our main source of the X-ray properties of the clusters. This catalog covers most X-ray clusters at z < 1. However, it treats RXJ0056.2+2622 and RXJ0152.7-1357 as single clusters, while the X-ray structure and the distribution of the galaxies show that they are binary clusters (e.g., Barrena et al. 2007; Maughan et al. 2003) . For these clusters we therefore use data from Mahdavi et al. (2013 Mahdavi et al. ( , 2014 , who give X-ray parameters for the two sub-clusters in RXJ0056.2+2622, and Ettori et al. (2004) , who give X-ray parameters for the two sub-clusters in RXJ0152.7-1357. We note that Ettori et al. (2009) also give values for the RXJ0152.7-1357 sub-clusters, but these are significantly larger than the values in Ettori et al. (2004) and the sum of the masses as well as the luminosities are inconsistent with the values from Piffaretti et al. (2011) for the full cluster. For Figure 2 . Calibration of X-ray mass measurements, M500, from Ettori et al. (2004) and Mahdavi et al. (2013 Mahdavi et al. ( , 2014 to consistency with Piffaretti et al. (2011) . other clusters listed in both papers by Ettori et al. the values are consistent. It is beyond the scope of this paper to explore the reason for this apparent inconsistency. Because of the increasing evidence that the mass of RXJ1347.5-1145 initially determined from X-ray data (and adopted by Piffaretti et al.) may be too large and that the cluster is experiencing interactions with an infalling sub-cluster (Kreisch et al. 2016) we instead adopt the lower value from Ettori et al. (2004) . These authors correct the X-ray measurements for diffuse X-ray emission south-east of the main cluster and associated with the infalling sub-cluster.
We have calibrated the X-ray data from Mahdavi et al. (2013 Mahdavi et al. ( , 2014 and Ettori et al. (2004) to reach consistency with Piffaretti et al. using the clusters in common. As necessary, we first convert the published X-ray parameters to M 500 using the equations from Piffaretti et al. We then determine the offset in log M 500 to reach consistency with Piffaretti et al. When converting between radii R 500 , masses M 500 , and luminosities L 500 we use the relations given by Piffaretti et al. (their Equations 2 and 3). As needed we also adopt the following conversions from Piffaretti et al. L 500 = 0.91L total , R 200 = 1.52R 500 , L 500 = 0.96L 200 . The relation between R 200 and R 500 is equivalent to M 200 = 1.40M 500 .
We show the comparisons of M 500 from Piffaretti et al. with data from Ettori at al. (2004) and Mahdavi et al. (2013 Mahdavi et al. ( , 2014 in Figure 2 Luminosities, L 500 , and radii, R 500 , are then derived from M 500 using the equations from Piffaretti et al. Figure 3 . The cluster masses, M500, based on X-ray data versus the redshifts of the clusters. Blue hexagons -our local reference sample; green squares -the GCP z = 0.2 − 1 sample. The pairs of slightly smaller points at the same redshifts as RXJ0056. 6+2622 and RXJ0152.7-1357 show the values for the sub-clusters of these binary clusters. M500 is from Piffaretti et al. (2011) , except as noted in Table 1 Figure 3 shows the adopted masses, M 500 , versus redshifts for the full GCP cluster sample. We show typical models for the growth of cluster masses with time, based on results from van den Bosch (2002) . These models are in general agreement with newer and more detailed analysis of the results from the Millennium Simulations (Fakhouri et al. 2010) . The seven z = 0.19 − 0.89 clusters analyzed in the present paper are all very massive and represent the most massive clusters in the GCP at a given redshift. With current models for mass evolution of clusters, their masses at z ≈ 0 would be higher than those of the Coma and Perseus clusters and close to the masses of the two very massive local clusters Abell 2029 and Abell 2142 (also marked on Fig. 3 ). We will in a future paper investigate those two local clusters to assess if the stellar populations of their passive galaxies are similar to those of the Coma and Perseus clusters. For now we will assume that the bulge-dominated passive galaxies in the seven z = 0.19 − 0.89 clusters are viable progenitors for bulge-dominated passive galaxies in Coma and Perseus. We determined the cluster redshifts and velocity dispersions for the z = 0.19 − 0.45 clusters using our data and the bi-weight method by Beers et al. (1990) . Figure 4 shows the redshift distributions of the samples. In Jørgensen & Chiboucas (2013) we published similar results for the three higher redshift clusters. Table 1 summarizes redshifts and velocity dispersions for the clusters. Using Kolmogorov-Smirnov tests we found that for all the clusters the velocity distributions of the member galaxies are consistent with Gaussian distributions.
Cluster Properties and Possible Sub-Structure
In Figure 5 we show the cluster velocity dispersions versus the X-ray properties of the clusters. At a velocity dispersion of 2182 km s −1 , Abell 1689 deviates from the expected relations by ∼ 7 times the uncertainty on the cluster velocity dispersion. The kinematic structure of the cluster has been studied using very large samples of redshift data. Czoske (2004) concludes based on 525 member redshifts that the central velocity dispersion is ≈ 2100km s −1 and that the central structure of the cluster is complex. Lemze et al. (2009) analyzed this data set further, confirming the high central velocity dispersion. They also determined a virial cluster mass of ≈ 1.9 · 10 15 M ⊙ (for our assumed cosmology), equivalent to M 500 = 1.3 · 10 15 M ⊙ . A similar mass estimate is found by Umetsa et al. (2015) based on lensing data. Umetsa et al. as well as Morandi et al. (2011) argue that the cluster is not spherical. Morandi et al. in particular state that earlier mass estimates from X-data were about a factor two too small as spherical symmetry was assumed. Finally, Andersson & Madejski (2004) used the temperature of the X-ray gas to argue that Abell 1689 is in fact a merger, something that cannot be detected from the X-ray morphology alone. Thus, we conclude that Abell 1689 deviates from the relations shown on Figure 5 due to (1) the mass being underestimated and (2) the unrelaxed nature of the center of the cluster leading to a very high central cluster velocity dispersion. Barrena et al. (2007) studied the dynamical status of RXJ0056.2+2622. These authors find that the cluster consists of two structures in the plane of the sky, see also the grey scale image with X-ray data overlaid available in the Appendix Figure 15 and a redshift of z = 0.1929 ± 0.0005, both in agreement with our results within the uncertainties. We attempt to determine the sub-cluster velocity dispersions by defining likely members of the two sub-clusters from the cluster center distances. We include only galaxies that have cluster center distances to one or the other of the subcluster centers of less than half the distance between the centers. The galaxies IDs 191 and 1654 are taken as defining the southern and northern sub-cluster center, respectively. We then find cluster velocity dispersions of the sub-clusters of σ cluster = 1200 − 1300 km s −1 cf. Table 1 , which places the sub-clusters above the mean relations with the X-ray properties, but with rather large uncertainties on σ cluster , see Figure 5 .
Our data show that the field of RXJ0027.6+2616 contains a foreground group at z = 0.3404. Our data include nine galaxies in this group mostly on the western edge of the observed field, see Figure 16 in the Appendix. The velocity dispersion of this group as determined from the nine galaxies is very low, σ = 172 +29 −47 km s −1 . These galaxies were not included in the analysis of the cluster members.
The cluster velocity dispersion for RXJ1347.5-1145 was also measured by Cohen & Kneib (2002) who found σ cluster = 910 ± 130 km s −1 based on 47 members, and by Lu et al. (2010) who based on additional spectroscopic observations found σ cluster = 1163 ± 97 km s −1 for a sample of ≈ 95 members (sample size evaluated from We confirm that this indeed seems to be the case, as we find σ cluster = 1256 +115 −197 km s −1 when using the Cohen & Kneib data. We caution that the results for this cluster are very sensitive to the exact choice of the upper limit for the cluster redshift. Had we for example excluded the three highest redshift galaxies in our sample, we would have found σ cluster = 791 +70 −88 km s −1 . The Lu et al. sample is significantly larger and less likely to be affected by small number statistics. Thus, we evaluate that the joint data support a velocity dispersion of ≈ 1150 − 1250 km s −1 for this cluster. When combined with the X-ray data from Ettori et al. (2004) , this places the cluster on the mean relations between the cluster velocity dispersions and the X-ray properties. Cohen & Kneib propose that the cluster may be a merger. Later investigations of the X-ray data of the cluster support this idea but for different reasons, see e.g., Ettori et al. (2004) for the discussion of the diffuse X-ray emission south-east of the main cluster, and the recent study by Kreisch et al. (2016) based on deep Chandra X-ray observations.
In summary, four of the seven clusters in our sample have evidence of non-relaxed structures and/or deviate from the expected relations between the cluster velocity dispersions and the X-ray parameters. These clusters are Abell 1689, RXJ0056.2+2622, RXJ1347.5-1347, and RXJ0152.7-1347. RXJ0027.6+2616 has a foreground group, but this may be at large enough distance in redshift space to not affect the cluster itself. MS0451.6-0305 and RXJ1226.9+3332 have no evidence sub-clustering and also follow the expected relations. These complicated cluster properties should be kept in mind when we apply the fairly simple approach of using either the cluster center distances (in units of R 500 ) or the product of the cluster center distances and the radial velocities relative to the cluster redshifts as parameterization of the cluster environment for a given galaxy.
THE FINAL GALAXY SAMPLE AND THE METHODS
We base our analysis on (1) empirical scaling relations between the velocity dispersions and the strength of the absorption lines from the individual spectra, and (2) ages, metallicities [M/H] and abundance ratios [α/Fe] derived from composite spectra absorption line indices using single stellar population models. For the local reference sample we use luminosity weighted average line indices in place of determinations from composite spectra. Table 4 summarizes the number of galaxies in each cluster for which we have data. The table details how many of these are bulge-dominated passive galaxies with dynamical masses Mass dyn ≥ 10 10.3 M ⊙ or, equivalently, log σ ≥ 2.0, and therefore the primary focus of this paper. We use log σ in place of the dynamical masses of the galaxies, in our investigation of the possible primary driver of the galaxy properties. We acknowledge that the two parameters are not fully interchangeable, and will return to this issue in our upcoming paper in which we also make use of the 2-dimensional photometry of all the galaxies.
Samples
The sample selection makes use of the Sérsic index, n ser , (Sérsic 1968) either from our photometry (Chiboucas et al. 2009; Jørgensen & Chiboucas 2013; Jørgensen et al. in prep.) , or for Abell 1689 from Houghton et al. (2012) . We require n ser ≥ 1.5 for a galaxy to be considered bulge-dominated. Galaxies for which we have no n ser measurement, but which appear to be spiral galaxies based on imaging data, are considered diskgalaxies for the purpose of the sample selection. Abell 1689 ID 584 is the brightest cluster galaxy and we include it with the bulge-dominated galaxies even though Houghton et al. give a Sérsic index of 1.2. As in our previous papers, we consider galaxies with equivalent width of EW[O II]≤ 5Å passive (non-emission). This criterion matches the spectral classifications defined by Dressler et al. (1999) and used by other researchers, e.g. Sato & Martin (2006) and Saglia et al. (2010) . If the [O II] line is not included in the spectral coverage, we use the presence or absence of emission in Hβ and/or [O III]λ5007 to evaluate if a galaxy is passive.
The galaxy RXJ0056.2+2622 ID 1170 was excluded from the analysis as it is an E+A galaxy dominated by extremely young stellar populations. Including it in the determination of especially the scaling relation scatter would bias the determination and not give a representative view of the typical scatter of the line strengths for the cluster's galaxies. Other E+A galaxies in the sample are excluded from the analysis as they have log σ < 2.0.
Due to the strong fringing in the GMOS-S observations of RXJ1347.5-1145 and its effect on the sky subtraction we conservatively exclude galaxies with S/N< 25 from the analysis. This removes IDs 444, 513, 657, and 919 from our analysis. The measurements are still listed in the tables, but we caution that in particular the line index measurements are expected to have larger uncertainties than otherwise adopted for the cluster. In addition, we remove RXJ1347.5-1145 ID 743 and ID 1011 from the analysis. The GMOS-S imaging shows ID 743 as double; there is no HST imaging covering this galaxy. The galaxy also has log σ < 2.0. The spectrum of ID 1011 appears to be a BL Lac object with a featureless optical continuum superimposed on a spectrum of an old stellar population. Thus, the effect is that all the line indices are weaker than otherwise expected from an old stellar population. The object is within 8 arcsec of a point source in the Chandra X-ray catalog (Evans et al. 2010) .
In the analysis we focus on the bulge-dominated passive galaxies with dynamical masses Mass ≥ 10 10.3 M ⊙ or log σ ≥ 2.0. The lower limit is set by both the available local reference sample and the available data for the intermediate redshift clusters. The number of bulge-dominated galaxies with low masses (or velocity dispersions) are listed in Column (5) in Table  4 . Column (7) in Table 4 gives the number of galaxies in each cluster that meets all criteria for being included in the analysis. The sample selection for Coma, Perseus, Abell 194, MS0451.6-0305, RXJ0152.7-1357 and RXJ1226.9+3332 is identical to the selection used in Jørgensen & Chiboucas (2013) . In samples for the two highest redshift clusters we reach cluster center distances of R cl ≈ 1.8R 500 , while all other cluster samples only reach R cl /R 500 = 0.8 − 1.0. For galaxies in the two double-clusters RXJ0056.2+2622 and RXJ0152.7-1157, we use R cl /R 500 derived relative to the sub-cluster center closest to the galaxy.
Composite Spectra
In addition to the measurements for the individual galaxies, we construct composite spectra with higher S/N by co-adding the spectra. The spectra are co-added by velocity dispersion. When possible given the number of observed galaxies, we use bins of 0.05 in log σ. When this results in less than three galaxies in a bin and/or low S/N, we use bins of 0.1 in log σ. The velocity dispersion bin with log σ < 2.0 contains galaxies that we otherwise omit from the analysis of the individual measurements, see Section 4.1. Our analysis in Section 6 focuses on the blue indices measured from the composites. These measurements and the average velocity dispersions of the galaxies included in each composite are available in Table 16 in the Appendix. We do not attempt to measure the velocity dispersions directly from the composites.
For our local reference sample in Perseus, we use luminosity weighted average parameters for sub-samples Note-Column 1: Galaxy cluster. Column 2: Number of members with available spectroscopy; Column 3: Number of disk galaxies. Column 4: Number of bulgedominated galaxies with Mass < 10 10.3 M⊙ or, equivalently, log σ < 2, see text, the sample includes 3 E+A galaxies in Abell 1689, 1 E+A galaxy in RXJ0056.2+2622. Column 5: Number of bulge-dominated with emission with Mass dyn < 10 10.3 M⊙ or, equivalently, log σ < 2. Column 6: Number of bulge-dominated passive galaxies with Mass dyn ≥ 10 10.3 M⊙ or, equivalently, log σ ≥ 2. Column 7: Number of bulge-dominated passive galaxies in the final samples, which exclude E+A galaxies, galaxies in RXJ1347.5-1345 with S/N<25 perÅ in the rest frame, galaxies in MS0451.6-0305 for which the spectra a contaminated by signal from neighboring objects (cf. Jørgensen & Chiboucas 2013) , and galaxies in RXJ1226.9+3332 with S/N<20. of galaxies using the same binning as described above for the higher redshift galaxies. The average parameters for the Perseus sub-samples are also listed in Table  16 in the Appendix.
Adopted Scaling Relations
We adopt the empirical scaling relations and zero points for the local reference sample and the z = 0.5−0.9 clusters from Jørgensen & Chiboucas (2013) . These relations were established using a fitting technique that is very robust to outliers. It minimizes the sum of the absolute residuals perpendicular to the relation, determines the zero points as the median, and uncertainties on the slopes using a boot-strap method, see Jørgensen et al. (2005) and Jørgensen & Chiboucas (2013) for details. As in those papers, we then determine the random uncertainties on the zero point differences, ∆γ, between the intermediate redshift and local reference samples as
Subscripts "low-z" and "int-z" refer to the local reference sample and one of the intermediate redshift clusters, respectively. Only the random uncertainties are shown on the figures in the following. We expect the systematic uncertainties on the zero point differences to be dominated by the possible inconsistency in the calibration of the velocity dispersions, 0.026 in log σ, and may be estimated as 0.026 times the coefficient for log σ, see also Jørgensen et al. (2005) .
Stellar Population Models
We use single stellar population (SSP) models in the interpretation of the data. In Jørgensen & Chiboucas (2013) we discussed the differences and similarities of the models from Thomas et al. (2011) and Schiavon (2007) . Since then, new models taking into account variations in abundance ratios have been published by Vazdekis et al. (2015) . Vazdekis assumes that at fixed metallicity, non-α elements, including C, N, and Na, decrease in abundance when [α/Fe] increases. Magnesium is used as a proxy for all α-elements. Thomas et al. on the other hand assume that the elements C, N and Na track the α-elements in abundance ratios.
We used the model spectral energy distributions (SEDs) available for the Vazdekis models to test if these models for [α/Fe] > 0 can reproduce the line strengths found in our cluster galaxy samples. Our test shows that the models fail to reproduce the strong CN3883 and C4668 indices present in the galaxies that also have strong Mgb indices. Thus, the underlying assumption of a decrease in C and N with increasing Mg abundances Note-Column 1: Scaling relation adopted from Jørgensen & Chiboucas (2013) . Column 2: Zero point for the Abell 1689 sample. Column 3: Number of galaxies included from the Abell 1689 sample. Column 4: rms in the Y-direction of the scaling relation for the Abell 1689 sample. Columns 5-7: Zero point, number of galaxies, rms in the Y-direction for the RXJ0056.2+2622 sample. Columns 8-10: Zero point, number of galaxies, rms in the Y-direction for the RXJ0027.6+2616 sample. Columns 11-13: Zero point, number of galaxies, rms in the Y-direction for the RXJ1347.5-1145 sample.
appears to not be supported by the data. We therefore proceed as done in Jørgensen & Chiboucas (2013) , using the models from Thomas et al. In Jørgensen & Chiboucas (2013) we established an empirical relation between CN 2 and CN3883, Eq. 4 in that paper: CN3883 = (0.84 ± 0.13) CN 2 + 0.146. We have confirmed that this relation if also valid for the full sample used in the present paper. As done in Jørgensen & Chiboucas (2013) , we use the relation to transform the Thomas et al. model predictions for CN 2 to predictions for CN3883. We use the models for a Salpeter (1955) initial mass function (IMF). In Jørgensen & Chiboucas (2013) we derived model relations linear in the logarithm of the age, the metallicity [M/H], and the abundance [α/Fe]. We use these relations ( Table 9 in that paper) to aid our analysis in the following. While traditionally, one may have considered the various indices as primarily tracking one of the quantities age, [M/H] or [α/Fe], as shown by the relations, and first described by Worthey (1994) and Worthey & Ottaviani (1997) Having established which set of SSP models we use, we next turn to models for the star formation history. We evaluate models that assume passive evolution over the time period covered by the redshifts of the observed clusters. For our adopted cosmology, the look-back time to z = 0.89, the highest redshift covered by our data, is 7.3 Gyr. Thus, we assume that following the initial period of star formation, the bulge-dominated passive galaxies in our samples evolve passively, without any further star formation. As is common practice, we parameterize these models using a formation redshift z form , which should be understood to be the approximate epoch of the last major star formation episode.
In our analysis we also use the results from Thomas et al. (2005 Thomas et al. ( , 2010 on the relations between the velocity dispersions, ages, metallicities [M/H], and abundance ratios [α/Fe]. In particular, as a consequence of the relation between velocity dispersions and ages at z ≈ 0 the formation redshift z form must depend on the galaxy velocity dispersion. With that prediction we can then derive predictions for ages and line indices as a function of redshift and galaxy velocity dispersion. We show those predictions in relevant figures in the following.
Our analysis implicitly assumes that the galaxies we observe in the higher redshift clusters can be considered progenitors to the galaxies in the clusters at lower redshifts. As discussed in detail by van Dokkum & Franx (2001) this may not be a valid assumption. In Section 7 we return to this issue of progenitor bias.
THE SCALING RELATIONS: LINE INDICES VERSUS VELOCITY DISPERSIONS
In Figures 6 and 7 we show the relations between the velocity dispersions and the indices in the visual (Hβ G , Mgb, Fe ) and in the blue ((Hδ A + Hγ A ) ′ , C4668, Fe4383, CN3883), respectively. These figures are based on the measurements for the individual galaxies. For clarity, we have included on the figures all seven clusters and the local reference sample. The panels for MS0451.6-0305, RXJ0152.7-1357 and RXJ1226.9+3332 are similar to figures presented in Jørgensen & Chibou- Smaller points show data for galaxies with log σ < 2.0 (Abell 1689, RXJ0056.2+2622, RXJ0027.6+2616, RXJ1347.5-1145). Black triangles -The local reference sample shown on all panels for reference. Typical errors bars are shown on the panels color coded to match the symbols. Black lines -best fits for the local reference sample (Jørgensen & Chiboucas 2013) . Lines color-coded to match the symbols -the scaling relation offset to the median zero point of each cluster sample.
cas (2013) and show the same data as in that paper. The zero points and scatter for the four clusters with new data are summarized in Table 5 . For the other clusters we refer to Table 10 in Jørgensen & Chiboucas (2013) . From Figures 6 and 7 we find that the z = 0.19 − 0.89 clusters follow scaling relations between velocity dispersions and line indices with similar slopes as found for the local reference sample. In the following, we summarize our results regarding the scatter relative to the relations, we investigate possible dependence on the cluster environment, and we establish the zero point differences as a function of redshift. Figure 8 shows the measured scatter as well as the intrinsic scatter in the relations as a function of redshift. We derive the intrinsic scatter from the measured scatter by subtracting off in quadrature the adopted typical measurement uncertainties for the line indices. The uncertainties are given in the Appendix (Table 12) . Smaller points show data for galaxies with log σ < 2.0 (Abell 1689, RXJ0056.2+2622, RXJ0027.6+2616, RXJ1347.5-1145, or Mass < 10 10.3 M⊙ (RXJ0152.7-1357, RXJ1226.9+3332). Black triangles -The local reference sample shown on all panels for reference. Typical errors bars are shown on the panels color coded to match the symbols. Black lines -best fits for the local reference sample (Jørgensen & Chiboucas 2013) . Lines color-coded to match the symbols -the scaling relation offset to the median zero point of each cluster sample. Figure 8 .
Scatter in the Relations
The scatter in the scaling relations for the clusters as a function of redshift. Open points -measured scatter; solid points -intrinsic scatter.
cas (2013) for the higher redshift clusters. For the local reference sample, we adopt as typical measurement uncertainty for each line index the median of the individual uncertainties. As shown on Figure 8 , in a few cases the resulting intrinsic scatter in a relation is zero. This likely is due to overestimated measurement uncertainties.
From Figure 8 we conclude that all the relations have intrinsic scatter. The scatter in a given relation is similar for all clusters, except for the scatter in the Fe4383-velocity dispersion relation for RXJ0152.7-1357 at z = 0.83. In Jørgensen et al. (2005) we found this cluster to have very high average abundance ratio [α/Fe] due to galaxies with low Fe4383 indices. These are the galaxies causing the high scatter in the Fe4383-velocity dispersion relation. We used Kendall's τ rank order tests to evaluate if correlations may be present between the intrinsic scatter in any of the relations and the redshifts of the clusters. We omitted from the tests any measurements with an intrinsic scatter found to be zero, as well as the very low scatter measurement for the MS0451.6-0305 C4668-velocity dispersion relation. We find possible correlations with redshift for the scatter in Fe and C4668, for which the probability of no correlation being present is 0.5% and 1.5%, respectively. It requires data for significantly more clusters to firmly establish these possible correlations. In all other cases no significant correlations were found.
The intrinsic scatter in the relations can in principle be used to set limits on the scatter in ages and/or metallicities and abundance ratios of the stellar populations in the galaxies. In doing so we use the model relationships between line index strengths, age, metallicity, and abundance ratios established in Jørgensen & Chiboucas (2013) . If we assume that only the ages vary at a given velocity dispersion, then the scatter in the (Hδ A + Hγ A )
′ -velocity dispersion relation of 0.015 translates to an age scatter of only 0.12 dex. Similarly, the scatter in the Hβ G -velocity dispersion relation of 0.045 gives an age scatter of 0.20 dex. These results point towards very large degree of synchronization of the star formation history for passive galaxies at a given velocity dispersion. The scatter in the Mgb and Fe4383 relations imply similarly low age scatter. However, the larger scatter in the other three metal-line relations ( Fe , C4668, and CN3883) combined with their dependence on age imply an age scatter of 0.45-0.55 dex. The dependence on metallicity for these three indices is a factor 2-4 stronger than their dependence on age (cf. Jørgensen & Chiboucas 2013) . Thus, the larger scatter in the relations for these indices may be due to scatter in metallicities as well as ages at a given velocity dispersion.
Cluster Environment Dependency of the Relations
We have investigated the possible cluster environment dependency of the scaling relations. We use both the cluster center distances, R cl /R 500 , and the radial velocity of the galaxies relative to the clusters, v || /σ cl in this test. In particular, as shown by Haines et al. (2012 Haines et al. ( , 2015 in their analysis of clusters extracted from the Millennium Simulations (Springel et al. 2005) , the phase-space parameter |v || |/σ cl ·R cl /R 500 provides a onedimensional measure within the phase-space diagram expected to be directly related to the accretion epoch of a galaxy onto the cluster.
We use Spearman rank order tests to test for correlations between the residuals for all the scaling relations and both measures of the cluster environment. The test is performed for both the full samples and samples limited to R cl /R 500 ≤ 1.0, and to |v || |/σ cl · R cl /R 500 ≤ 2 or ≤ 1. This is done to ensure that the results are not driven by the relatively few galaxies at values above one in either environment parameter. Figure 9 shows the residuals of the scaling relations for (Hδ A + Hγ A ) ′ and C4668 versus the cluster center distances, R cl /R 500 , and versus |v || |/σ cl · R cl /R 500 . The panels are labeled with the probabilities that no correlations are present. The best fit relations are shown. In addition to the correlations shown on the figure, we also found similar shallow but significant correlations for the residuals in Mgb. No other correlations were significant. In the cases of correlations between the residuals and environment parameters, the contribution to the intrinsic scatter in the relations originating from the environment is very small |v || |/σ cl × R cl /R 500 (d) P ≤ 2 = 0. 3% P ≤ 1 = 0. 5% Figure 9 . Residuals relative to the scaling relations shown for the line measurements based on the individual spectra, as a function of the cluster center distances R cl /R500 or the phase-space parameter |v || |/σ cl · R cl /R500. Symbols as on Figure 7 . Typical uncertainties on the residuals are shown on each panel, color coded to match the clusters. Blue lines -best fits in cases where the correlations are significant at least at the 2-sigma level. For reference, R200 = 1.52 R500, cf. Section 3.
as these relations are very shallow. For example, taking into account the correlation with environment for the C4668-velocity dispersion relation reduces the scatter in the relation by only 2 percent. Thus, in our presentation of the results regarding the zero points (Section 5.3) we do not take into account these very weak dependences on the environment.
Zero Points of the Relations
On Figure 10 we show the median zero point differences of the scaling relations for each cluster relative to the local reference sample. The zero point differences shown here for MS0451.6-0305, RXJ0152.7-1357 and RXJ1226.9+3332 are from Jørgensen & Chiboucas (2013) . The zero point differences for the four other clusters (Abell 1689 , RXJ0056.2+2622, RXJ0027.6+2616 and RXJ1347.5-1137 are based on the new data presented in the current paper. The zero points are listed in Table 5 . There are no significant zero point differences between the two sub-clusters in RXJ0056.2+2622 or in RXJ0152.7-1357. Thus, each of these clusters is treated as one cluster for the purpose of showing the zero point differences. Predictions of the zero point differences based on passive evolution models with formation redshifts between z = 1.2 and 4 and SSP models from Thomas et al. (2011) are overlaid on the figure. At fixed metallicity and abundance ratio for a given velocity dispersion, these predictions have no significant dependence on the assumed metallicity or abundance ratio, as shown by the linear parameterization of the models that we derived in Jørgensen & Chiboucas (2013) . In the passive evolution models the Balmer line indices, Hβ G and (Hδ A + Hγ A ) ′ , are expected to be stronger at higher redshift reflecting the younger stellar populations, while all the metal indices are expected to be weaker at higher redshift than at present, cf. Section 4.4.
The zero point differences for the higher order Balmer lines (Hδ A + Hγ A ) ′ follow the passive evolution model. A χ 2 -fit gives best fit of z form = 6.5 with a 1-sigma lower limit of z form = 3.1 (Fig. 10d) . No upper limit can be established. However, the zero point differences for the Hβ G -velocity dispersion relation are significantly smaller than expected for the passive evolution models (Fig. 10a) . Equivalently, the Hβ G indices for the z = 0.19 − 0.54 clusters are weaker than expected. This may be due to partial emission fill-in, as explored by Concas et al. (2017) for galaxies in the Sloan Digital Sky Survey (SDSS). Due to this evidence, we will in the following focus on the higher order Balmer lines when discussing the age differences.
The scaling relations for the metal line indices have zero point differences that are less straightforward to interpret. The indices Fe , C4668 and Fe4383 are in general weaker at higher redshift than at present, though the zero point differences for the scaling relations (Fig.  10c , e and f) show significantly higher scatter relative to any given passive evolution model than is the case for (Hδ A + Hγ A )
′ . The data give 1-sigma lower limits on z form of 2.0 and 4.3 for Fe and Fe4383, respectively, consistent with the result based on (Hδ A + Hγ A )
′ . The best fit result for C4668 is z form = 1.4 +0.8 −0.3 , marginally inconsistent with the result based on (Hδ A + Hγ A )
′ . However, the result is to a large extent driven by the large Figure 10 . The zero point offsets of the scaling relations for the z ≥ 0.19 cluster samples relative to the local reference sample, shown as a function of redshift. Results for the z = 0.5 − 0.9 clusters are adopted from Jørgensen & Chiboucas (2013) . Predictions from models for passive evolution based on models from Thomas et al. (2011) zero point difference found for MS0451.6-0305, for which the scaling relation also has a rather low scatter. The Mgb and the CN3883 indices are for the majority of the z ≥ 0.19 clusters significantly stronger than expected based on the passive evolution models (Fig. 10b and g ). Thus, these indices cannot be used to constrain z form , but instead may be an indicator of the limitations of the models. Part of the differences in behavior of the metal line indices relative to the (Hδ A + Hγ A ) ′ index may also be due to cluster-to-cluster variations in the metallicities and abundance ratios. We return to this question in Section 6.3.
STELLAR POPULATIONS: AGES, METALLICITIES AND ABUNDANCE RATIOS
In this section we estimate ages, metallicities [M/H], and abundance ratios [α/Fe] of the galaxies in the clusters. We then establish how those parameters depend on velocity dispersions of the galaxies. We investigate the changes with the redshifts of the clusters and possible cluster-to-cluster differences.
Determination of Ages, Metallicities and Abundance Ratios
In this investigation, we use the line indices derived from the composite spectra for the z = 0.19 − 0.89 clusters and the luminosity weighted average line indices for the local reference sample, cf. Section 4.2. This is done primarily to gain S/N as even with our fairly high S/N individual spectra, ages, [M/H] and [α/Fe] for the individual galaxies would have uncertainties as large as 0.3 dex. When we use the indices from the composite spectra and the luminosity weighted average indices, the resulting uncertainties on the ages, [M/H] and [α/Fe] are typically 0.06 dex.
We limit our analysis to determinations based on indices in the blue wavelength region ((Hδ A + Hγ A ) ′ , [C4668Fe4383], Fe4383, CN3883), as these are available for all z = 0.19 − 0.89 clusters in our sample. Figure  11 shows the indices versus each other in the relevant combinations, and with SSP models from Thomas et al. (2011) The maximum absolute differences between results from the extreme points and the result from the measured indices is used as the uncertainty on a given parameter. See Jørgensen & Chiboucas (2013) for details.
In the following sections we investigate how the derived ages, metallicities and abundance ratios change with velocity dispersion and with redshift.
Correlations with Velocity Dispersions
In Figure 12 we show the derived ages, metallicities [M/H] and abundance ratios [α/Fe] versus the mean velocity dispersion of the spectra making up each composite spectrum or entering into the luminosity weighted average line indices. The best least squares fits to the data are shown as solid blue lines on on the figure. The relations are summarized in Table 6 . The fit to ages versus velocity dispersion was established as a set of parallel lines, allowing the zero points for the clusters We used the Thomas et al. (2005) relations between age and velocity dispersion at z ≈ 0 to derive predictions for the stellar population ages as a function of velocity dispersion and redshift, under the assumption of passive evolution. The predictions are shown on panel (a), color coded to match the clusters at z ≈ 0.0, 0.2, 0.5 and 0.9. The predictions are in general consistent with the ages, though our results are also consistent with flat relations offset from each other as a function of the cluster redshifts. We have also shown predictions using the steeper age-velocity dispersion relation at z ≈ 0 from Thomas et al. (2010) , thin dot-dashed lines on the figure. This relation results in much steeper relations at higher redshift, in disagreement with the data at z > 0.5. In Section 7, we address the possible reasons for this disagreement. The intrinsic scatter in the age-velocity dispersion relations correspond to a scatter in age of 0.08 dex, cf. Table  6 .
The relation between the metallicities [M/H] and the velocity dispersions is almost identical to the one found by Thomas et al. (2005 Thomas et al. ( , 2010 Figure  13 summarizes the determinations based on the composite spectra, as well as determinations based on the index values at log σ = 2.24 on the scaling relations for the clusters. Thus, the figure shows both representative median values for each cluster based on the scaling relations, and the typical scatter in the parameters, primarily due to the dependence on the velocity dispersions as reflected in the symbol sizes. On panel (a) we show the predictions from passive evolution models with formation redshifts z form = 1.2 − 4.0. As expected the dominating trend is the change in age with redshift. A best fit to the median points for the clusters gives a formation redshift of z form = 1.96 +0.24 −0.19 , shown as the dashed black line on panel (a). This formation redshift is lower than found from the zero point differences of the (Hδ A + Hγ A ) ′ -velocity dispersion relation, see Figure 10d, for which we find z form ≥ 3.1 as the 1-sigma lower limit. However, it is also clear that the local reference sample contains galaxies too young to be the descendants of the galaxies in the high redshift clusters, if only passive evolution is at work. We discuss this in more detail in Section 7. 7. DISCUSSION Here we discuss our results in relation to the questions of the average evolution as a function of redshift, the role of environment and/or galaxy velocity dispersion in driving the evolution of galaxies, and the dependency of ages, metallicities [M/H] and abundance ratios [α/Fe] on velocity dispersions of the galaxies. 
The Average Evolution as a Function of Redshift
The zero point differences of the relations between the galaxy velocity dispersions and the line indices support a high formation redshift. The best fit of the zero point differences for the (Hδ A + Hγ A ) ′ -velocity dispersion relation gives z form = 6.5 and a 1-sigma lower limit of z form ≥ 3.1, cf. Figure 10 . However, if we use the ages derived from the composite spectra we find z form = 1.96
+0.24
−0.19 , cf. Figure 13 . The two results can be reconciled by realizing that the zero point differences are strongly affected by the fact that the local reference sample of galaxies in the Perseus cluster contains galaxies too young to have their progenitors included in the higher redshift samples, i.e. by progenitor bias in the samples. See van Dokkum & Franx (2001) for one of the earliest discussions of progenitor bias. The difference in look-back time between the two high redshift clusters (RXJ0152.7-1357 and RXJ1226.9+3332 at an average redshift z = 0.86) and Perseus (z = 0.018) is 6.9 Gyr for our adopted cosmology. To be included in the passive galaxy sample at any redshift a galaxy would most likely have to contain stellar populations on average at least 1 Gyr old, since at younger ages we expect emission lines strong enough that our criteria on EW[O II] would exclude such galaxies from the sample. Thus, as a test we remove from the local reference sample the 34 galaxies for which (Hδ A + Hγ A )
′ versus [C4668Fe4383] indicate ages less than 8 Gyr. The zero point of the (Hδ A + Hγ A ) ′ -velocity dispersion relation for the remaining 31 galaxies is 0.005 lower than found from the full sample. This in turns affects the zero point differences for the two high redshift clusters. If we adjust the zero point differences for just those two clusters, realizing that the differences for the other clusters also ought to be offset, but with smaller amounts, then we find a best fit 1-sigma lower limit of z form ≥ 2.0. Thus, the difference between the determination of z form from the scaling relations and the formation redshift derived from the ages, may be fully explained as an effect of the progenitor bias. In addition, the median age of the galaxies in the local reference sample older than 8 Gyr is 10 Gyr, placing the median value exactly on the best fit of z form from the ages based on the blue indices, Figure  13 . We also note that the ages of the galaxies in the local reference sample indicate that about half of such passive cluster galaxies at z ≈ 0 have become passive since z ≈ 0.9. This is similar to the conclusion reached by Sánchez-Blázquez et al. (2009) in their analysis of line indices of the EDisCS sample of passive galaxies. It is possible that the main stellar mass of such apparently young galaxies was formed earlier, and that the measured low ages are caused by later star formation episodes involving a small fraction of the mass, see discussion by, e.g., Serra & Trager (2007) .
The zero point differences of scaling relations involving the iron indices ( Fe , Fe4383) give formation redshifts consistent with the scaling relation for (Hδ A + Hγ A ) ′ , while the scaling relation for C4668 gives a marginally lower formation redshift. We note that some of the largest outliers relative to the expected zero point differences for passive evolution are clusters that are also outliers relative to the median metallicity [M/H] and abundance ratio [α/Fe] of the clusters. Specifically, RXJ0152.7-1357 (z = 0.83), which we found to have very high [α/Fe] , is offset to weaker Fe4383 and stronger C4668 than expected from z form ≈ 2, Figure 10e and f. RXJ0027.6+2616 (z = 0.37) and MS0451.6-0305 (z = 0.54), which we found to have lower than median [M/H], is offset to weaker Mgb, Fe , and/or C4668 than expected.
In the following, we adopt z form = 1.96
−0.19 as our best estimate of a common formation redshift for the galaxies, under the assumption of passive evolution. In Jørgensen & Chiboucas (2013) we determined the formation redshift from the Fundamental Plane for the three highest redshift clusters, and found z form = 1.95 +0.3 −0.2 for the massive galaxies and a lower z form = 1.24 ± 0.05 for the less massive galaxies. Our results here based on direct age estimates are in agreement with these results though we cannot put tight constraints on a possible mass (or velocity dispersion) dependency on z form as done from the FP. Other studies of the FP for clusters up to z ≈ 1 give similar results for the massive galaxies, see van Dokkum & van der Marel (2007) , and references therein.
The Role of Cluster Environment and Cluster-to-Cluster Differences
We found that the residuals relative to the Mgbvelocity dispersion and the C4668-velocity dispersion relation correlate with the cluster center distances and with the phase-space parameter |v || |/σ cl · R cl /R 500 . A weaker correlation may also be present for the residuals of the scaling relation for (Hδ A + Hγ A ) ′ . However, the slopes of the relations are very shallow and the correlations can only explain a very small fraction of the intrinsic scatter in the relations. None of the other scaling relations show significant dependences on the cluster environment. We caution that our coverage in cluster center distances is fairly limited reaching only to R 500 for the majority of the clusters, and 1.8R 500 for the two highest redshift clusters in the sample. In addition, the clusters were on purpose chosen to all be very massive and thus limit any effect of cluster environment on our results. Our results are in agreement with the study of four nearby clusters by Smith et al. (2006) . These authors also found that the Mgb-velocity dispersion and the C4668-velocity dispersion relations depend on the cluster center distances, while the scaling relations for the iron lines do not. They find weaker dependancies on cluster center distances for the Balmer line-velocity dispersion relations, also in general agreement with our results. Their study reaches cluster center distances of 1.5R 500 . Harrison et al. (2011) in their study of four nearby clusters, comment that the only difference they found between the outskirts and the cores of these clusters was that the relations between the velocity dispersions and age, [M/H], and [α/Fe] were weaker in the outskirts than the cores. This study reaches ten times the virial radius, or ≈ 15 R 500 . McDermid et al. (2015) on the other hand, in their study of the ATLAS-3D sample found the Virgo cluster galaxies to be older and have higher [α/Fe] abundance ratios than the field galaxies.
We do find a few significant cluster-to-cluster differences in the average metallicities [M/H] and abundance ratios [α/Fe] . We cannot tie these differences to specific properties of these clusters. RXJ0152.7-1357 is a double cluster probably in the process of merging (e.g., Girardi et al. 2005 ) and the high [α/Fe] may be related to this event. However, RXJ0056.9+2622 is also a double cluster, presumably in the process of merging (Barrena et al. 2007 ), but its [M/H] and [α/Fe] agree with the sample-wide values. The clusters with lower than average [M/H], MS0451.6-0305, has a X-ray structure consistent with a relaxed cluster with no sub-structure. Thus, there are no obvious reasons that the metallicity should be different from the average and no obvious pathway to increasing the metallicity to be similar to our local reference sample. We speculate that these cluster-to-cluster differences are stochastic. They may have been established in sub-structures that later merged to form the larger clusters. Moran et al. (2007) in their study of the two clusters MS0451.6-0305 and CL0024+17 found evidence of cluster-wide differences in the star formation history of the galaxies, but also no clear trace of what has caused the differences. More in-depth studies of massive intermediate redshift clusters are obviously needed to quantify the frequency of such differences between clusters and maybe understand their origin.
The Velocity Dispersion as the Driver of Galaxy Evolution
Many authors have found ages, metallicities and abundance ratios of bulge-dominated passive galaxies to be correlated with the velocity dispersions of the galaxies. Harrison et al. (2011) provide an overview of determinations prior to the publication of that paper, including the results from Thomas et al. (2005 Thomas et al. ( , 2010 . Harrison et al. also present new results for galaxies in four nearby clusters. McDermid et al. (2015) give results based on the ATLAS-3D sample of nearby bulge-dominated galaxies. We have in Section 6 used the results from Thomas et al. (2005 Thomas et al. ( , 2010 (Thomas et al. 2005) to very steep slopes of ≈ 1 (Bernardi et al. 2006; McDermid et al. 2015) . The median value is ≈ 0.4. It is beyond the scope of the present paper to investigate all the possible reasons for the disagreement between these studies. However, it is clear that authors who find a very steep slope for the age dependency on the velocity dispersion include nearby young galaxies (ages less than ≈ 5 Gyr) whose progenitors would not be in our z > 0.5 samples, as they are not expected to be passive galaxies at those redshifts.
Based on ages, [M/H] and [α/Fe] derived from our composite spectra we find steep and tight relations between [M/H] and velocity dispersions and between [α/Fe] and velocity dispersions. However, the relation between ages and velocity dispersions is very shallow, with the slope not being significantly different from zero. As shallow slopes are found also for the higher redshift clusters in the sample, this result significantly constrains the slope of the relation at low redshift to be no steeper than found by Thomas et al. (2005) .
From the scatter in the relations between ages, [M/H] and [α/Fe] and velocity dispersions we find the intrinsic scatter of the three parameters to be 0.08, 0.12 and 0.15 dex, respectively. The scatter should in all cases be understood as lower limits because of our use of composite spectra, or luminosity weighted average indices, in the determination. Both Harrison et al. (2011) and McDermid et al. (2015) find the intrinsic scatter in the ages to be significantly higher at 0.20 dex. Presumably this apparent disagreement is due to a combination of our use of composite spectra and the inclusion of many very young galaxies in the samples of Harrison et al. and McDermid et al. Both studies find the intrinsic scatter in [M/H] and [α/Fe] to be slightly lower than our results, 0.10 and 0.07, respectively. We here quote the McDermid et al. values from line indices calibrated to half an effective radius as comparable to our measurements. The main conclusion from all these results is that the velocity dispersion and the properties of the stellar populations are tightly correlated. The star formation history of a bulge-dominated galaxy must to a high degree be determined by the velocity dispersion of the galaxy. This is to a large extent in agreement with the results presented by Muzzin et al. (2012) who, based on a study of cluster galaxies at z = 0.8 − 1.2, concluded that properties of passive bulge-dominated galaxies are determined by their mass (rather than their environment). We caution that mass and velocity dispersion cannot be assumed to be fully equivalent though they are tightly correlated.
SUMMARY AND CONCLUSIONS
We have presented a joint analysis of stellar populations in passive bulge-dominated galaxies in seven massive clusters at redshifts of z = 0.19 − 0.89. The analysis is based on our new deep ground-based optical spectroscopy for the clusters at z = 0.19 − 0.45 combined with our previously published data for the three clusters at z = 0.54 − 0.89 Jørgensen & Chiboucas 2013) . We have analyzed stellar populations of member galaxies using our measurements of absorption line strengths and velocity dispersions. Our main conclusions from the analysis are as follows:
1. The z = 0.19−0.89 cluster galaxies follow relations between velocity dispersions and line indices with slopes consistent with the relations for our local reference sample. The scatter in the relations is in general also consistent with the local reference sample, except for the double cluster RXJ0152.7-1357. This cluster has higher scatter in the velocity dispersion-Fe4383 relation, associated with the unusually weak Fe4383 indices for some of the galaxies in the cluster.
2. We determine line indices from composite spectra, stacked according to velocity dispersion. We The age dependency on velocity dispersion is very shallow at all redshifts with a slope not statistically different from zero, while the zero point changes with redshift reflect passive evolution. The intrinsic age scatter is 0.08 dex. The low scatter in all three parameters indicate a large degree of synchronization in the evolution of the galaxies.
3. We have used the zero point differences for the line index-velocity dispersion relations as well as the direct age estimates to investigate the mean age variation with redshift and derive formation redshifts under the assumption of passive evolution. The zero point differences for the (Hδ A + Hγ A ) ′ -velocity dispersion relation give a 1-sigma constraint for the formation redshift of z form ≥ 3.1, under the assumption of passive evolution of the galaxies. Relations for Fe , C4668, and Fe4383 are mostly consistent with this result, with outliers related to possible cluster-to-cluster differences in metallicities and/or abundance ratios. ′ -velocity dispersion relation can be fully explained by progenitor bias and the fact that about half of the galaxies in our local reference sample have ages too young for their progenitors to be part of the passive population at z ≈ 0.8 − 0.9. When correcting for this effect the zero point differences for the (Hδ A + Hγ A ) ′ -velocity dispersion relation give a 1-sigma constraint on the formation redshift of z form ≥ 2.0. . It is not clear if these are stochastic variations, if the differences are related to specific cluster properties, or which processes may be able to remove or establish such differences at times scales equivalent to the lookback times to these clusters, ie. 4-7 Gyr.
5. We find weak and shallow dependencies on the cluster environment of the residuals in velocitydispersion-line index relations for the Mgb, C4668, and (Hδ A + Hγ A ) ′ indices. The dependencies account for only 2% of the intrinsic scatter in the relations. We caution that our samples cover only cluster center distances out to ≈ R 500 in the z ≤ 0.54 clusters, and only out to ≈ 1.8R 500 in the two higher redshift clusters.
We conclude that (at least) these four areas of improvements may be needed in order to gain a more complete understanding of the evolution of the stellar populations of passive galaxies over the last half of the age of the Universe: (1) Development and use of stellar population models as SEDs, correctly reproducing the CN, C and Mg features simultaneously (see Conroy et al. 2014 for an example of how this may be done), (2) use of such SEDs to attempt a quantification of the star formation history through full-spectrum fitting of the available high S/N spectra of intermediate redshift passive galaxies, (3) a more complete investigation into the stochastic variations of stellar populations between different cluster (and field) galaxy samples and their possible relation to differences in stellar populations in the original substructures of the clusters, and (4) an in-depth comparison of stellar population in passive galaxies in the field and in clusters of different richness at intermediate redshifts.
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Observations have been used that were obtained with XMM-Newton, an ESA science mission funded by ESA member states and NASA, and with the Chandra Xray Observatory, and obtained from these missions data archives. In part, based on observations made with the NASA/ESA Hubble Space Telescope, obtained from the data archive at the Space Telescope Science Institute (STScI). STScI is operated by the Association of Universities for Research in Astronomy, Inc. under NASA contract NAS 5-26555. Table 7 summarizes the GMOS-N and GMOS-S imaging of the z = 0.19 − 0.45 clusters. The derived photometric parameters (total magnitudes and colors) are listed in Table 8 . Colors were derived as total colors based on the total magnitudes and as aperture colors. We used both the image quality of the data and the expected sizes of the galaxies to optimize the choice of aperture size. Specifically, the aperture diameter in arc- Table 7 . GMOS-N and GMOS-S Imaging Data where r galaxy is the angular size of a member galaxy with a size (effective radius) of 2.5 kpc. The resulting apertures sizes for Abell 1689, RXJ0056.2+2622, and RXJ0027.6+2616 are similar in the three filters. Thus, we used the same aperture size for all three filters; D app = 4.35, 4.18, and 2.66 arcsec for the three clusters. For RXJ1347.5-1145 we used D app = 3.09 arcsec for the g ′ -band, and 2.51 arcsec for the r ′ -and i ′ -band. Table 8 includes only the spectroscopic samples. Photometry used for the sample selection described in Section 4.1 covers to g ′ ≈ 25 mag in Abell 1689 and RXJ0056.6+2622 and r ′ ≈ 25.5 mag in RXJ0027.6+2616 and RXJ1347.5-1145. Figures 14-17 show the spectroscopic samples overlaid on greyscale images of the clusters and with X-ray contours overlaid.
The photometry from GMOS-N was calibrated using the magnitude zero points and color terms from Jørgensen (2009) , while the calibration of the GMOS-S photometry is based on observations of a standard field the night of the science observations combined with the color terms from the Gemini web page. To achieve internal consistency between the two fields observed in RXJ0056.2+2622, an offset of 0.095 mag were added to the i ′ -band magnitudes for galaxies in field 1 (F1 in Table 7 ). In addition, we used SDSS DR12 for external comparison and in some cases calibration of our magnitude zero points. This was done consistently for the full GCP sample of 14 clusters (and one field that is not a cluster). Based on this comparison, the Abell 1689 r ′ and i ′ -band magnitudes were offset with −0.147 and −0.117, respectively. We will describe the calibration of full GCP sample in detail in Jørgensen et al. (in prep.) .
The GMOS-N data of Abell 1689 were also processed by Houghton et al. (2012) . We compared our photometry in g ′ and r ′ for Abell 1689 with that from Houghton et al. These authors used slightly different zero points than those used in this paper and may not have used any color terms in their calibration. They did not publish photometry in the i ′ -band. While Houghton et al. use the same spectroscopic ID numbering as we do (the numbering originates from our original mask design), there is some confusion in both the published tables and the VizieR catalog version of Houghton et al.'s data. It also appears that for the slitlet containing both ID 584 and ID 615, Houghton et al. extracted only ID 615, but by mistake assigned the spectrum to ID 584. In Table 9 we list our unique IDs together with Houghton et al. photometry IDs and the coordinates for the galaxies in question. We take the correct numbering into account in our comparisons. Figure 18 and Table 10 summarize the comparisons of the r ′ -band total magnitudes and the aperture colors (g ′ − r ′ ) with the data from Houghton et al. The majority of the galaxies with absolute differences larger than 0.5 mag are located in the center of the cluster. Omitting these galaxies from the comparisons reduces the scatter but does not significantly affect the median differences, see Table 10 . Only two of those galaxies are in the spectroscopic sample, ID 636 and ID 655. An offset in the total magnitudes of −0.07 is expected due to the difference in adopted zero points for the standard calibration. An offset in (g ′ − r ′ ) of 0.17 is expected due to the difference in adopted zero points and the use of a color term in our calibration. The remainder of the offset is may be due to the difference in the aperture sizes. We use aperture size of 4.35 arcsec while Houghton et al. use 2.9 arcsec. However, we do not convolve the g ′ -band to the r ′ -band resolution, since our main color determination comes from the total magnitudes. Note-Column 1: Galaxy cluster. Column 2: Object ID. Columns 3-4; Right ascension in hours, minutes, and seconds, declination in degrees, arcminutes, and arcseconds. Positions are consistent with USNO (Monet et al. 1998) , with an rms scatter of ≈ 0.5 arcsec. Columns 4-7: Total magnitudes in g ′ , r ′ and i ′ . Columns 8-9: Colors derived from the total magnitudes. Columns 10-11: Colors derived from aperture magnitudes. Column 12: Adopted Sérsic indices from Houghton et al. (2012) used for sample selection, see text. Table 8 is published in its entirety in the machine-readable format. A portion is shown here for guidance regarding its form and content.
B. SPECTROSCOPIC DATA B.1. Observations and Reductions
The selection criteria for the spectroscopic samples are summarized in Table 11 . The spectroscopic data were processed using the same techniques as described for the MS0451.6-0306 data in Jørgensen & Chiboucas (2013) . The processing produces 1-dimensional spectra fully calibrated and on a relative flux-scale.
The masks for Abell 1689 contained slits titled to be aligned with the major axis of the galaxies. As we want to subtract off the sky signal before we interpolate the spectra, the tilted slits in the Abell 1689 data were first semi-rectified by oversampling the spectra by a factor five and then shifting the spectra by integer rows in the oversampled spectra. The sky signal was then subtracted and the rows shifted back to their original position to before processing the data through the remainder of the steps. See Barr et al. (2005) for details on this process.
The observations of Abell 1689 were obtained with the detectors unbinned, while all other observations used binning in the spectral direction. These unbinned observations unnecessarily oversample the spectra. Thus, after basic processing and extraction the Abell 1689 observations were rebinned to match the binning of the other observations. For RXJ0027.6+2616 and RXJ1347.5-1145 two blue stars were included in the mask in order to obtain a good correction for the telluric absorption lines. The masks for Abell 1689 and RXJ0056.2+2622 did not include blue stars. Instead the telluric correction was established from a stack of all the spectra in each mask. The X-ray image was smoothed; any structure seen is significant at the 3σ level or higher. The spacing between the contours is logarithmic with a factor of 1.5 between each contour. . The X-ray image is the sum of the images from the two XMM-Newton EPIC-MOS cameras. The X-ray image was smoothed; any structure seen is significant at the 3σ level or higher. The spacing between the contours is logarithmic with a factor of 1.5 between each contour. Table 3 , but not in their Table 6 .
Note-Column 1: Galaxy ID from this paper. Column 2: Photometric ID from Houghton et al. (2012 . Column 3: Redshift from our data. Column 4: Comments. Note-Median differences ∆ = "our data" -"Houghton et al.". This is the same technique used by Barr et al. (2005) for the GCP cluster RXJ0142.0+2131. The observations of RXJ1347.5-1145 were obtained with GMOS-S with the E2V CCDs. These detectors have fairly strong fringing in the red. Therefore, the observations were obtained in pairs of exposures with dithers along the slit. We used these to determine the fringe correction in a similar way as done for RXJ0152.7-1157, see Jørgensen et al. (2005) . Two frames were excluded from further processing at this point as the fringes were too strong to allow a useful correction and the stack of the better reduced frames gave sufficient S/N for our purpose.
All flux calibrated 1-dimensional spectra were median filtered with a 5-pixel filter in the spectral direction to limit the effect of residuals from the sky subtraction. The filtering was taken into account in the determination of the instrumental resolution.
B.2. Spectroscopic Parameters
The calibrated spectra were fit with stellar templates as described in Jørgensen & Chiboucas (2013) . This results in determination of the redshifts and the velocity dispersions. As in Jørgensen & Chiboucas, we use three template stars with spectral types K0III, G1V and B8V. The fits were performed with the kinematics fitting software made available by Karl Gebhardt, see Gebhardt et al. (2000 Gebhardt et al. ( , 2003 for a description of the software. The software performs the fitting in pixel space. Thus, it is straight forward to mask wavelength intervals affected by either emission lines or strong residuals from the sky subtraction. In particular, the residuals from the strong skyline at 5577Å were masked in all cases. For all four clusters the fits were done for the wavelength region 3750-5500Å in the rest frame of the clusters. Aperture correction of the velocity dispersions were performed using the technique from Jørgensen et al. (1995b) .
The strengths of the absorption lines were measured using the definitions of the Lick/IDS indices (Worthey et al. 1994) as well as the higher order Balmer line indices Hδ A and Hγ A (Worthey & Ottaviani 1997) . We measure the Hβ G index as described in Jørgensen (1999) . The original passband definition for this index is from 
a At the time of sample selection only imaging in r ′ and i ′ was available. González (1993) . The indices CN3883 and CaHK were measured using the passband definitions from Davidge & Clark (1994) . The definition of the D4000 index is from Bruzual (1983) and Gorgas et al. (1999) . We have adopted the bandpass definition for the higher order Balmer line Hζ A from Nantais et al. (2013) . The line indices were aperture corrected and corrected for the velocity dispersions of the galaxies using the techniques and corrections detailed in Jørgensen et al. (2005) , see also Jørgensen & Chiboucas (2013) . As in Jørgensen et al. (2014) we assume that Hζ A has no aperture correction.
The residuals from the strong skyline at 5577Å in some cases affect the determination of the line indices. Where such effects are significant, the line index determinations have been removed from the tables of our measurements. The details are as follows. For members of Abell 1689 and RXJ0056.2+2622 the 5577Å skyline falls within the passbands of C4668. The passbands of this index are fairly wide. We have therefore evaluated whether the C4668 measurements are affected by the 5577Å residuals by interpolating across the wavelength region that may be affected (5565-5589Å) and repeating the line measurement on the interpolated spectra. For those galaxies where the difference in C4668 derived from the spectra before interpolation and after is larger than 0.065 in log space (approximately twice the typical measurement uncertainty) we have deemed the index unreliable and omitted the measurements from the tables and analysis.
For members of RXJ0027.6+2616 the skyline falls within the passbands of the Hδ A index. As the line is fairly weak and the passbands narrow, we have chosen not to attempt to measure this line. Since we want to use the combination index (Hδ A + Hγ A ) ′ ≡ −2.5 log (1. − (Hδ A + Hγ A )/(43.75 + 38.75)) (Kuntschner 2000) , in the analysis, we solve this problem by deriving an empirical relation between fully corrected measurements of Hδ A and Hγ A based on the data for the 94 members of the clusters MS0451.6-0305, RXJ0152.7-1357, and RXJ1226.9+2226. We find Hδ A,cor = (0.689 ± 0.045)Hγ A,cor + 2.707 with an rms scatter of 1Å. We then use that relation to derive Hδ A for the RXJ0027.6+2616 galaxies, and subsequently use those values together with the Hγ A measurements to derive (Hδ A + Hγ A )
′ . This in effect means that (Hδ A + Hγ A ) ′ for this cluster is based on Hγ A , only. For members of RXJ1347.5+1145 the indices, Hζ A , CN3883 and D4000 may be affected by the residuals from the 5577Å skyline. As Hζ A is a fairly weak index and the passbands are narrow, we have chosen not to attempt to measure this line if for the individual galaxy redshift the 5577Å line is within 3Å of any of the passbands. For CN3883 and D4000 we take the same approach as used for C4668 for the Abell 1689 and RXJ0056.2+2622 members. We use limits of 0.025 and 0.035 for changes in CN3883 and D4000, respectively. Thus, these indices are only listed for galaxies for which the measurements are not significantly affected by the sky residuals.
The formal uncertainties on the indices were determined based on the S/N following Cardiel et al. (1998) . However, as done in Jørgensen & Chiboucas (2013) for the z = 0.54 − 0.89 clusters, we also performed sub-stacking of the frames to evaluate the uncertainties, see Section B.4 and doublet. With an instrumental resolution of σ = 1.5 − 2.5Å (FWHM = 3.5 − 5.8Å) and galaxy velocity dispersions typically ≥ 100 km s −1 , the doublet is not resolved in our spectra and we refer to it simply as the "[O II] line". Table 13 lists the results from the template fitting (redshifts and velocity dispersions), while Table 14 gives the derived absorption line strengths. The emission line equivalent widths are listed in Table 15 .
B.3. Systematic Effects in Derived Velocity Dispersions
As in Jørgensen & Chiboucas (2013) , we performed simulations to evaluate any systematic effects on the derived velocity dispersions. Model spectra were constructed using the average of the K0III and G1V template stars. Random noise was then added using information from the real noise spectra from the spectra. We made 100 realizations of each of the combinations covering velocity dispersions from 50 to 300 km s −1 and S/N perÅ in the rest frame from 10 to 50 . The S/N of our data are in general higher than 50, but as it turns out only for the very low S/N is the S/N a factor in recovering the velocity dispersion. We then fit the model spectra and compared the recovered velocity dispersions with the input values. The simulations are summarized in Figure 19 . Simulations were run for all four clusters, as the location of the higher noise wavelength intervals due to sky lines depend on the redshift of the cluster. As can be seen from the figure, in all cases there is a small systematic offset to higher velocity dispersion. We correct for this by fitting a first order polynomial to the difference as a function of output velocity dispersion, constraining the fits to log σ > 1.9. The simulations for Abell 1689 and RXJ0056.2+2622 are nearly identical. Thus, we fit those simulations together and derive log σ corrected = log σ out − 0.0519 + 0.1142(log σ out − 2.1) (B2) The simulations for RXJ0027.6+2616 and RXJ1347.5-1145 are different with at most 0.003 for log σ ≥ 2.0. Thus, we also fit these simulations together and derive log σ corrected = log σ out − 0.0690 + 0.2407(log σ out − 2.1) (B3) The fits were derived for input velocity dispersions of log σ > 1.9. Deviations from the fits for velocity dispersions smaller than this limit is of the order 0.01-0.05 on log σ.
As the size of the systematic effects in the determination of the velocity dispersions is of the same size or larger than the systematic errors expected between different datasets, we choose to correct the derived velocity dispersions using the formulae in Eq. B2 and B3. The velocity dispersions listed in Table 13 as log σ cor have been corrected for this effect, as well as aperture corrected. The raw measurements are listed in the tables as log σ.
B.4. Internal Comparisons
The mask designs for Abell 1689, RXJ0027.6+2616, and RXJ1347.5-1145 are such that for each cluster 15-19 of the galaxies were observed in two masks, each with sufficient S/N to derive velocity dispersions and line indices. Thus, we effectively have repeat observations of these galaxies and use these for internal comparisons of the parameters and to assess the uncertainties. Figure  20 and Table 12 summarize the comparisons. In general, the uncertainties on the velocity dispersions from the kinematics fitting are in good agreement with the internal comparisons. For the line indices the uncertainties derived from the S/N of the spectra are underestimated most likely due to systematics from the sky subtraction, as we also noted in Jørgensen & Chiboucas (2013) . The ratios between the scatter in the comparisons and the expected scatter based on the uncertainties range between 2 and 10. We therefore adopt global uncertainties on the line indices. The adopted uncertainties are listed in Table 12 , and shown on the figures of these parameters as the typical error bars. The uncertainties for RXJ0056.2+2622 measurements are assumed to be the same as for Abell 1689 measurements, as the two clusters have similar redshifts and were observed with identical instrument configurations and to similar S/N ratios.
B.5. External Comparisons
In this section we compare our redshifts and velocity dispersions to those published by Houghton et al. (2012) . We converted the relative radial velocities published by Houghton et al. to redshift, using the cluster redshift of 0.183 assumed by Houghton et al. Figure  21 and Table 10 summarize the comparisons. The very small difference in redshifts may originate from the accuracy of the cluster redshift stated by Houghton et al., and is in any case of no importance for our results. The offset between the velocity dispersions is −0.05 in log σ with our measurements being smaller. Houghton et al. used 1.4 arcsec extraction aperture while we use 2.0 arcsec. However, adopting the aperture correction from Jørgensen et al. (1995b) that would only explain an offset of 0.003 in log σ. Houghton et al. use the arc spectra for determining the instrumental resolution and state this as ≈ 75km s −1 at 5000Å (equivalent to ≈ 70km s
at 4500Å in the rest frame of the cluster). We measure the instrumental resolution from sky spectra stacked the same way as the galaxy spectra and find ≈ 85km s −1 at 4500Å in the rest frame of the cluster. Thus, a systematic difference is expected of −0.03 to −0.01 on log σ for galaxies with σ = 100km s −1 and 200km s −1 , respectively. The remainder of the difference between the two Note-Column 1: Parameter. Columns 2-6: for Abell 1689, number of galaxies in comparison, rms scatter of comparison, ratio between the rms scatter and the expected scatter based on nominal individual uncertainties, median of nominal individual uncertainties for all cluster members included in the analysis, and adopted uncertainty on the parameter (except for the velocity dispersion we use the individual uncertainties from the kinematics fitting. Columns 7-11: Same information for RXJ0027.6+2616. Columns 12-16: Same information for RXJ1347.5-1145. Table 12 for scatter and the adopted uncertainties on the line indices. Table 10 , see text for discussion.
sets of measurements is most likely due to differences in choice of template spectra. The scatter in the comparison confirms our estimates of the random measurement uncertainties on log σ of 0.02 for the highest velocity dispersion galaxies, rising to 0.04 for the lower velocity dispersion galaxies.
C. AVERAGE SPECTRAL PARAMETERS AND SPECTRAL PARAMETERS FROM COMPOSITE SPECTRA Table 16 gives luminosity weighted average spectra parameters for the local reference sample and spectral parameters from the composite spectra of the z = 0.19 − 0.89 sub-samples. The table also lists the average values of the velocity dispersions for the individual galaxies included in each average or composite. Table 17 . Full figures are available in the online journal. 
Note- Table 13 is published in its entirety in the machine-readable format. A portion is shown here for guidance regarding its form and content.
a Adopted membership: 1 -galaxy is a member of the cluster; 0 -galaxy is not a member of the cluster.
b Velocity dispersions corrected to a standard size aperture equivalent to a circular aperture with diameter of 3.4
arcsec at the distance of the Coma cluster, and corrected for systematic effects using Equation B2.
c S/N perÅngstrom in the rest frame of the galaxy. The wavelength interval 4100-5500Å was used for all galaxies. Note-The indices have been corrected for galaxy velocity dispersion and aperture corrected. Table 14 is published in its entirety in the machinereadable format. In the portion shown here for guidance regarding its form and content, the lines are wrapped such that the second line for each galaxy lists the uncertainties. Figure 22 . Spectra of the galaxies that are considered members of Abell 1689. Black lines -the galaxy spectra, green linesthe random noise multiplied by four. At the strong sky lines, the random noise underestimates the real noise due to systematic errors in the sky subtraction. Some of the absorption lines are marked (Table 17) . Spectra of the galaxies that are considered members of RXJ0056.2+2622. Black lines -the galaxy spectra, green lines -the random noise multiplied by four. At the strong sky lines, the random noise underestimates the real noise due to systematic errors in the sky subtraction. Some of the absorption lines are marked (Table 17) . Spectra of the galaxies that are considered members of RXJ0027.6+2616 or of the foreground group. The latter is labelled "group" and displayed last in the panels. Black lines -the galaxy spectra, green lines -the random noise multiplied by four. At the strong sky lines, the random noise underestimates the real noise due to systematic errors in the sky subtraction. Some of the absorption lines are marked (Table 17) . Spectra of the galaxies that are considered members of RXJ1347.5-1137. Black lines -the galaxy spectra, green lines -the random noise multiplied by four. At the strong sky lines, the random noise underestimates the real noise due to systematic errors in the sky subtraction. Some of the absorption lines are marked (Table 17) 
